Antisera were prepared against pure nicotinamide adenine dinucleotide-dependent D-lactic dehydrogenases of Lactobacillus leichmannii, L. jensenii, and L.
All of the lactic acid bacteria share many distinctive phenotypic properties, suggesting that they may be members of a single evolutionary group among the bacteria. If this supposition is correct, the nicotinamide adenine dinucleotide (NAD)-linked lactic dehydrogenases (EC 1. 1. 1.27 and EC 1. 1. 1. 28) of these organisms, which play an essential role in their energyyielding metabolism, might be expected to share a substantial degree of homology with respect to primary structure. A sensitive method for the detection of such structural homologies is immunological analysis. The available data suggest that, among isofunctional proteins, the degree of cross-reactivity is inversely related to the number of differences in their amino acid sequence (1) . Immunological cross-reactivity is lost when evolutionary divergence has changed some 20 to 30% ' Present address: Institut Pasteur, Service de Physiologie cellulaire, Paris XV, France. of the amino acid residues in the molecule (A. Wilson, personal communication). Consequently, the existence of immunological relationships among the lactic dehydrogenases of lactic acid bacteria would support the notion of a common evolutionary origin for the members of this group. Furthermore, such a comparative immunological analysis might afford some indications of interspecific and intergeneric relationships.
A previous study on electrophoretic mobility in starch gel of both D-and L-lactic dehydrogenases of lactobacilli showed that groups of migrations could be recognized which gathered species with the same guanine plus cytosine (GC) content, or cleaved recognized species with different groups of migration (3) .tion was composed of 80 ,g of pure lactic dehydrogenase in 0.25 ml of saline (pH 7), mixed with 5 ,liters of a 1% solution of methylated bovine serum albumin (9) and emulsified with 0.25 ml of complete Freund adjuvant supplemented with I mg of lyophilized, phenolkilled BCG cells. Material for the intravenous injection consisted of 250 ,ug of crystalline lactic dehydrogenase in 1.0 ml of saline (pH 7), mixed with 10 Ag of methylated bovine serum albumin.
Rabbits were bled 10 days after the last injection, and the sera were stored at -20 C.
Microcomplement fixation. The material, the method, and the quantitative expression of the crossreactivity (index of dissimilarity) are identical to those used by Stanier et al. (13) . Preliminary control experiments with each serum showed that the curves of complement fixation obtained with pure lactic dehydrogenases or with crude extracts are identical in shape and height. The degree of complement fixation is therefore not affected by the other material present in crude extracts.
Immunodiffusion. Immunodiffusion experiments were conducted by a modification of the method of Ouchterlony (10 40 ,uliters for the three other sera). Lateral wells received an amount of pure enzyme or of crude extracts sufficient to yield a precipitate line which remained immobile after several days. This amount was determined empirically, and corresponded to about 0.5 unit of enzyme activity. Loaded gels were developed at 4 C and photographed after 24 and 48 hr.
Interpretation of the precipitin patterns in Ouchterlony plates. The problems of interpretation presented by the precipitin patterns which occur in a comparative immunological analysis using antisera directed against pure proteins are not specifically described in the literature (I 1). To simplify presentation of the data, we shall describe the principles and the method which were used for their interpretation.
An antiserum prepared against a pure protein contains a multiplicity of antibodies, each directed against one of the specific antigenic sites on the protein molecule used as immunizing antigen (8) . In a double diffusion experiment, the immunizing antigen forms a single precipitin line against the antiserum because all of the antigenic determinants are carried on single molecules which diffuse at a uniform rate.
When the homologous antigen H is compared with a heterologous antigen h (reaction H-h) in a double diffusion experiment, two precipitin patterns are possible (Fig. 1 L. fermenti group. This comprises all strains of L. fermenti and L. cellobiosus. Since one of the antisera was prepared against the D-lactic dehydrogenase of L. fermenti, all the antigenic sites of the enzyme of this species must also be present on the enzyme of L. cellobiosus. The electrophoretic mobilities of the D-lactic dehydrogenases of these two species are likewise identical (3) .
Heterofermentative lactobacilli of group I (H.L. I). These strains were for the most part received as strains of L. fermenti, but differed markedly from the type strain and related strains of L. fermenti (7) with respect to the electrophoretic mo-VOL. 106, 1971 bilities of their lactic dehydrogenases (3). Group H.L. I subsequently also proved to have DNA with a much lower GC content (40.8%; Mandel, personal communication) than that of L. fermenti (53.4%; reference 6). These strains accordingly appear to constitute a separate species and will be referred to here as "heterofermentative lactobacilli of group I" (H.L. I).
Heterofermentative lactobacilli of group III (H.L. III). The H.L. III group comprises a small number of strains which possess three L-lactic dehydrogenases of different electrophoretic mobilities (3) . In terms of the electrophoretic mobilities of their D-lactic dehydrogenases, the group can be further subdivided. We shall discuss here the properties of three strains, F 15, HO 100, and 61 H (group H.L. IIIa), which have D-lactic dehydrogenases of identical electrophoretic mobilities. They also constitute a group of identical immunological specificity, whereas two other strains of group III, 61 AV and 61 BO3 (3), possess D-lactic dehydrogenases that are immunologically distinct.
The six groups listed above give strong crossreactions with each of the three anti-D-lactic dehydrogenases. The groups listed below give weaker cross-reaction, and in some cases fail to cross-react with one or two of the three anti-Dlactic dehydrogenases. Accordingly, the groups of identical specificity which can be recognized among them are based on a relatively small number of shared antigenic determinants, most of the antigenic determinants on the D-lactic dehydrogenases of these strains being unrecognizable by the antisera employed. For A tabular presentation of the data will be used, in which the three possible precipitin patterns obtainable between extracts of strains belonging to two different groups of identical specificity, A and B, will be symbolized as shown in Fig. 2 . In each of the following figures (Fig. 3 to 7) Figure 4a shows that the D-lactic de 
